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.ABSTRACT 1 

This report, one of 10 prepared in 1980 for the 
• Steering Committee for the Five-Year Research Plan of the National 
Institute of Child Health and Human Development (NICHD), was prepared 
to ^address the state of the science of nutrition research and to 
t ' relate the programs of. the NICHD to presept an<? future needs in 
nutritiqn^research. Specifically, the report defiiiesthe Mcyv 
mis^ion'and overall objectives in nutrition research; previews recent 
'significant findings in nutrition and development; surveys the 
current state of % nutrition knowledge, and defines gsps in tfcat 
knowledge;' reqommends, within the framework of the" NICHD mission, 
research issues or objectives that need to be addressed during the 
next 5 years;" suggests research p^io^ties among these 5-year 
objectives; an<?«*states the resolves needed to accomplish thes6 
objectives. (MP). ^ * 



************** ******** *********>********** ***************************** 

* Reproductions supjplied by EDRS are, the best that caft be made * 

* * from. the original document. % - * 
****************************************************** *^* ******* ******** 



ERLC 



Child Health 
and 
Human 
Development 



U S DEPARTMENT OF EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 
EDUCATIONAL RESOURCES INFORMATION 

CENTER (ERIC) 
. j The doctrnent has been reproduced as 
received from the person or organization 
^^originating it 

JK M inor changes have been made to improve 
* reproduction quality 

• Joints of vtew or opinions stated in this docu 
ment do not necessarily represent oflrcal NIE 
position or policy 



An Evaluation and 
Assessment of the 
State of the Science 



Nutrition 



• > 

• 


<* 








! 


1 


Nutrition 

# • 

«• 

Janet C^King, Ph.D. ' 
Key Consuttant 


t 


ThorstenA. Pjellstedt, Ph^D. . 

JaYnes B. Sidbury, M.D. ^ \ • 


t 


i 

« t * 

- v 


o 

t 

* . » 

f ( 


: 4 


A 




* • 

* ' 1 


/ 


\ * 


» * 


. « 
* 


\ • • 


- * - * 


i 




* i 


% ■ -• ., • - i 


• \ 

r • 


* < ... V • 


3 • ,' . • 



Foreword 



This report is one of ten prepared in 1980 for the 
Steering Committee for the* Jive-Year Research Plan of the 

,tl%?? In8tltute \ of Chi » Ld te^th and, Human Development 
(NICHD) . In developing the 1 plan, a Study Group for each of 
the ten NICHD program areas 'was asked- to evaluate the state 
of the science, identify areas of promise, and recommend di- 
rections for future. research. , Each .Study Group consisted of 
leading scientists and staff of the NICHD. The Steering Com- 
mittee conducted an extensive scientific and policy review of 
the reports, and collected'and published them in Child Health 
- » pd Human Development; An Evaluation and Assessm ent of thW 
State of the Science (O^nW ioptv The reports reflect 
specific interests and expertise of the authors and not 
necessarily NICHD policy. The jreport on the following pages 
is reprinted from the collection. The ten program areas are: 

I -Fertility and Infertility X 

II Pregnancy, Birth, and the Infant 1 

III Nutrition 

IV Sudde.n Infant Death Syndrome 

V Congenital Defects 

VI Mental Retar4ation 

VII Child and Adolescent Development 

j VIII Contraceptive Development 

l' ."IX. Contraceptive Evaluation \ • 

X Populatiprf Dynamics ^ 

Each program area will be reviewed and updated annually 
as part of the NICHD planning and evaluation process. By 

Xthis means, areas- not emphasized adequately can be addressed 
the guidance. of other experts can be sought, and changes in 
the state of thp science and changes in health issues can be 

'accommodated. 

*nvn,n Sin8le copies of each reprint are available free from 
NICHD, Office of Research Reporting, NIH, Building 31, Room 
2A-32, Bethesda, Maryland^ 20205. Reprints should be re- 
quested by title. , ' 
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I. Introduction 

V * 

' \ 0 

The interaction of mankind with food is one of the most 
intimate, prolonged, and pervasive of environmental expo- 
sures. In fact, human nutrition can be viewed a* man's 
ability to adapt to dhe aspect of his environment—food. 
Recognized as a field of science only within the last half- 
century, nutrition has grown to receive, ahd continues to 
receive, more public attention than many. other disciplines. 
This visibility results from the fact that advances and 
developments in nutrition influence the fields of economics, 
political science, agriculture, medicine, ' ecology, business 
and sociology. ^ ' 

The purpose of this report is to address the state of 
science in nutrition research and to relate the programs 'of 
the National Instituted Child Health and Human Development 
(NICHD) to present and future needs in nutrition research 
Specifically, the report: 

• Defines the NICHD mission and overall objectives in 
nutrition research: 

• Reyiews recent significant findings in -nutrition and 
development, surveys the current state of nutrition 
knowledge, and defines gkps in the knowledge of 
the science; 

• Recommends, in the framework of the mission of the 
NICHD, research issues or objectives that should be 

r addressed in the next, 5 years; 

• Suggest^ research prioriitiea among the 5-year 
' objectives; and - , 

• States .the resources f**eded to accqmplish this . 
program, , * 



Definitions , 

< Although theje are many definitions of nutrition, the 
term*u8ed in this report refers to the "science of food. as 
it relates to, optimal health and performance."! Nutrition 
research, therefore, is concerned with the way in which the 
body uses fo.od from* the tinre it is 'ingested until it is 
eventually incorporated into the .body and either partici- 
pates in biolpgical ^reactions or is excreted'.^ More 
recently, research on nutrition focuses on an area' of study 
broadly defined as- the psychosocial aspects of food, in- 
cluding such concerns as taste predilections, customary 
cuisines, food aversions,, and dietary taboos. 

Nutrition' is the substance of all life processes, and 
it is essential for reproduction, grqwth, and development. 
Development in this sense means % "changes from fertilization 
to maturity. "^ Insuf f icient intake of energy and inappro- 
priate nutrients 1 have been shown to, cause physical' growth 
retardation, developmental defects or anomalies, and, in 
extreme cases, death. The number of deaths and the 'prev- 
alence of health problems attributable tb inadequate nutri- 
tion during development are unknown. It has been estimated 
Jrhat about 5 percent of all annual live births in the United 
States (about ,114,000 infants) 'are small at birjbh because 
they were nourished inadequately in utero. Another. 16,000 
to 17,000 infants are stillborn or die early in life because 
of poor fetal nutrition. ^ Although there are no hard data 
on the subject, the incidence of growth retardation probably 
increases during the first year of life when the growth rate 
is very rapid' and nutritional needs are high. 

•a 

4 Malnutrition is' generally considered to mean "inade- 
quate nutrition" or "undernutrition." The term malnutrition 
actually, denotes faulty or poor nutrition in all of its as- 
pects: under- as well as overnutrition. 1 .Another commonly 
.used term is nutrient Imbalance ; this condition may occur 
when the lev&l of some' dietary component is excessive in 
concentration while other 5 components are adequate in the 
same diet, or when some dietary components are bellow the 
required level while others are^ adequate. Fad diets can 
also cause nutrtent imbalance; the deaths associated with 
liquid protein diets are ominous examples. 

\vi the United States, both over- and undernutrition 
exia*t, but their prevalence is unknown.* Obesity, or exces- 
sive fatness, is the, most common form of malnutrition in the 
United States. Data from the National Center' for Health 
Statistics-* suggest that its ■ prevalence rises sharply 
after age 30 and reaches a^level of 39 percent of men and 50 
percent of women who are 10 percent or more overweight* The 
prevalence 'of obesity in children % is lower, about 10 per- 
cent, and obese children generally remain obese as adults. 



Ano ther, problem of ovemutritiqn, less* prevalent but still 
poteirrirally harmful to health, is vitamin toxicity. Cases 
of vitamin A or D toxicity are reported annually. Often tfiey* 
are the result of self-medicatidn'wjth readily available > 
commercial vitamin supplies* Trace elements, such as zinc" 
and selenium, are also available commercially and, when 
taken in excessive v amounts , are potentially toxic. Since 
health, claims have been made for these nutrients, toxicities 
resulting from' overzealous self-nledication carr become a^ 
problem. | 

In the United States , undernutrition is thought , to be 
tes$ prevalent than overnutrition, but isolated cases ^f 
gtowth retardation due to inadequate food intake probably 
exist among children in'all stages of growth/ Undernutri- 
tion of specific essential nutrients is also a .problem/ 
Iron deficiency 'is contaon, for instance, in, some groups of 
_£_hildreri and adolescents. Almost 5t) perc'ent of low-income 
children between 12 and' 23 months of age haye serum iron 
levels below 5Q yg/dl. 1 The normal level is approximately 
100 yg/dl. More than 30 percent -of the children of the same 
age in middle.- and tfpper-income groups show the same' signs 
of iron deficiency. Public health programs, which pr<Jvide 
such aid as iron supplementation during pregnancy and iron 
fortification pf infant cereals, have been initiated to 
reduce the incidence of this nutritional problem in infants 
and children. Other nutritional deficiencies most- likely 
exiart in infants and children, but because of the lack' of 
practical-, sensitive detection techniques, their incidence 
is less well defined. , 



Objectives in Nutrition'Research ^ 

The nutrition research program of the NICHD, based on 
the byroad definition of nutrition given abpve, has the 
following mission: (a)„ To advance knowledge on- the^inter- 
relationships of « food , nutrition, and human development, (b) 
develop new knowledge-^iv-nutritional 'imbalances and inter- 
actions in early life that may b^ antecedents to disease and 
disability; and (c) understand the role of nutrition in 
promoting and maintaining health ,and improving the quality 
of life* 

* Specific research objectives have\been identified with 
reference to the Institute's overall mfssion for nutrition 
research as follows: ^ . - 

To learn through human metabolic and population studies how 
nutrients, combinations of nutrients, and other components ' 
of foods will best support normal human development,. 
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The developmental process in the rodnfen species is among 
"the most* complicated of all forms ofNlife., and the |>atteri\ 
differs from that of most other specie^.** JIhe growth rate 
is 8 lower* and growth, lasts longer. In^ccord with* slower 
growth rat'es, nutritional needs* per 1^,000 Real appeal to be 
' loVe,r in humans than in other sgecies. Also, nutritional 
needs vary during the life^cycle and depend on physiological 
changes' that~occur . The gsowth rate of 'the^infant "is much 
faster than*that of a /- to 10-year-old. An infant uses 
about 25 percent of his energy intake for growths the 7- to 
10-year-old only 2 to 3 percent. / • 

Information on the amounts and combinations .of nutri- 
ents that best support hdman development nhist come from 

, studies of humans per*ae. Longitudinal or semilongi tudinal 
studies are necessary to complement cross-sec tiohal^and 
clinical studies. Meanwhile*, investigations of nutrition, 
growth,' and development in experimental „ animals are ex- 
tremely useful for 32tent ifying biochemical-, physical, ajQg~ 
functional markers sensitive 'to nutritional imbalances; 
specific roles of nutrients during development; the impact 
of nutrients' interactions and also' nutr ient/nonnutrient 

^interactions; and the influence of environmental differences 
on the developmental process.^ , 

To determine the specific roles of nutrients J.n physical and 
functional development . 

.* % 
| Development Ls a continuum .and all of its stages are 
linked, and the effects of nutritional imbalances during an 
earlier, stage of development on later development arid\ on 
susceptibility to degenerative or otfiex; diseases are impi?r- 

* tant issues. Research on this subject can be divided into 
two types: those focusing on the .effects of general under- 
nutrition in which the quantity of food intake is re- 
stricted; and those focusing on deficiencies of specific 
nutrients. 3 Studies of general undernutrition can bte 
further divided ii\£o two 'kinds : short-term total starvation x 
or fasting studies, anct~~longer term studies in which an 

Animal 's* food intake is restricted but not totally withheld. 
To understand how the specific £ole of a nutrient may vary, 
with ievel of intake, the scope of such studies should in- 
clude a range &fr intakes-'-from severely deficient, to 
marginal, to several times that above need., to toxic levels/ 
Development' needs to Be investigated through hormonal, 
enzymatic, and functional changes, in addition to the more 
commonly iheasured morphologic and physical changes* 

To establish nutrient requirements fog critical stages "of . 
life—for example, in pregnancy and during Fact at ion as well 
as*in infancy, childhood,, and adolescence — by improving the 
methodology for .assessing "the nutritional status and in- 
- creasing the understanding of the functions of and' needs for 
individual nutrients. 
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s , Nutritional requirements ar,e* influenced by physioT 
logical chanjges at ajl stages of reproduction , and develop- 
ment. One of the first -steps in advancing knowledge of the 
requirements for humans is to 'jmap 11 the normal physiological 
changes, that occur from* fertilization of the' ovum to matu- 
rity. Special attention needs, \o be^paid to the physio- 
logical, changes, that alter nutrient utilization,* such, as 
nutrient absorption, accretion, metabolism, ' and excretion.- 
A second step is' to .establish /criteria for normal function 
and health. The criteria would provide standards for 
nutritional r'equif emeijts . . • 

• * s, * • 

% 'jThe difference in nutrient requirements Within popula- 
tions needs to be determined: NutfitionaJL requirements vary 
among individuals and from time to time for a given individ- 
ual, according <to age, body size,,sex> an<J physiological 
state.' . Some nutrient requirements are further influenced 
,by levels physical* activity and by- .the environment in 
which an individual lives, including climatid conditions or 
exposure to atmospheric pollutants. Sociocul tural in- 
fluences on food selection mky have- a greater impact than 
natural environmental conditions. The influence of genetic 

and racial .differences on ttutHent requirement* also needs' 
further study. . * , 

To develop nutritional -interventions to' prevent and treat 
nutritipn-related problems that may occur in utero , at 
birth, and in early life^ : 2 

^ c °Pgemtai anomalies, growth retardation, dfelayed or 
impaired functional performance, endocr iriolc^gic or bio- 
chemical- defects in nutrient metabolism, and abnormalities 
in body composition are all possible manifestations of 
nutrition-related problems in' uterx>, at birth, or in early 
1 i f e . <^ ^ 

N&tritM.on-related health prqblems need to be defined 
for various nutritional imbalances, with initial emphasis on 
the more* common imbalances in human dietaries, such a| high 
protein., fa$, sodium, or iodine intakes, marginal vitamin 
Bg or zinc intakes, axid excessive iron intakes due to 
supplementation programs. The early identification 'of 
metabolic, f unct ional , *,or physical changes may foretell 
health problems, ad do common -e4usal factors in populations 
at -risk. '"The meanrf of such jearly identification need to be 
improved. In addition, appropriate nutrition intervention 
programs need to be developed for individuals with existing 
disorders, such as growth retardatian, and tor incjividuals - 
with early precursors of a disorder. It is important also 
to prevent 'nutrition-related problems in high-risk popula- ' 
tions.^ Methodologies to evaluate the effectiveness of 
nutrition intervention programs need to be developed. 
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To determine physiological, psychological, and cultural 
factors that establish dietary patterns and to assess the 
impact of these patterns oil, nutritional status, health, and 
development . 

All animals require ^nourishment. *and^ all have some 
mechanism that directs them to eat. Their behavioral pat- 
terns are diverse, but usually some control is exerted over 
the kind and the amount of food taken, * How this compli- 
cated system wo^&s to maintain homeostasis within the animal 
is not well known, nor are ^he developmental' aspects of food 
intake regulation understood. 

Recently, it has been noted that some neurotransmitters 
alter eating behavior. Norepinephrine- injected into the 
hypothalamus,"* for example', stimulates food-satiated animals 
to eat. Acetylcholine triggers drinking, arid ^severe amino 
acid imbalances in* the diet lead to a cessation of bating. 1 
Methodology is now available to advance knowledge on the 
role of neurotransmi't ters (catecholamines, acetylcholine, 
serotonin, and amino acids) in the regulation of food in- 
take. Basic mechanisms of food intake regulation ahpuld 
be identified , the regulatory process itself- needs to 
be studied developmental ly, and , factors associated with 
abnormalities in regulation should be identified. 

Other factors that undoubtedly influence food intake 
are taste and smeJLl. Research is needed to ascertain the 
temporal sequence of early development of -taste and smell, 
the ef^pcts of variation^ in nutrient and food intake on 
taste, and the influence of early infant diets and exposure 
to various tastes and smells on later food preferences. 

A more complex problem is how people maintain their 
yeight in spite of large day-to-day variations in" physical 
activity or food intake. Also, what mechahism triggers the 
regaining of weight after an illness or food 'deprivation? 
It is currently thought that the individual has internal 
ability to sense the* degree of body fatness, a so-called 
"internal adipose ^tissue sensor. 11 * Investigations are 
needed on £he nature of this sensor, its relationship to 
'circulating metabolites, *and whether it can be readjusted so 
tha£ new levels of energy^s tores are maintained.. 

Dietary practices, which consist of food choices and 
patterns of consumption; vary widely among individuals and 
within the 0 same individual over time. Research on dietary 
practices suggests that many factors are involved and that 
ttie interaction among them is comp^tix. Studies, in experi- 
mental animals shop* 'that nutrient-metabolism is altered by 
changes in frequency of food consumption. Although the 
pattern of consumption and how it relates to nutritional 
status and health have .not Deen studied to any degree in 
humans, they are likely to experience comparable/ metabolic 
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ad justments . Dietary practices may be as important in 
determining health as is adequacy of nutrient intake, and 
they may be established by early exposure to foods, tastes, 
smells, and patterns of food consumption. Such practices 
may underlie subsequent susceptibility to degeneration and 
to chronic diseases. A clear understanding of how dietary 
^practices really are established will be helpful in design- 
ing nutrition education programs. V* 



II. Current State of Knowledge 

< * 

Historical Development 

The science of nutrition was recognized as a distinct 
discipline only in 1034 with the organization of the Ameri- 
can Institute of Nutrition. 2 Although in early history 
man knew that food was essential for life, he seldom disr 
criminated the relative value of different foods. An 
exception can be found in the Book of Daniel, where it is 
written that the men who ate pulses and tiiank water thrived 
better than those who ate thejking's food; and drank wine.' 

\ In 1747, a British physician, James Lind, * at tempted to 
find a cure for scurvy by giving 12 sailors 6 different 
treatments. He learned that lemon juice and lime juice wire 
effective in treating tlie-disprder , but that seawater, vine- 
gar, and oil of vitriol were not. It can be said that the 
science of nutrition began with this experiment. Also in 
the p> eighteenth- cfentury, by showing that there was a rela- 
tionship between heat production and oxygen use in the body, 
Lavoisier opened up the field of calorimetry in nutrition. 

During the 'nineteenth century, analyses of food for 
carbon, hydrogen, and nitrogen led to the conclusion that an 
adequate di*t contains plastic foods (protein) and fuel 
foods (carbohydrate and fat). Between 1880 and 1910, 
numerous experiments were conducted attempting to nourish 
animals with purified diets composed* pf a protein source 
such as casein, carbohydrate, fat, and inorganic ash. Un- 
less a small amount of natural food was added, the animals 
all died. 2 This result suggested strongly that something 
,eLse was required for the maintenance of life. Funk called 
this dietary component vit amine , "after vita , meaning "essen- 
tial for life\," *nd amihe , otr "nitrogen containing." It was 
later learned that no£ all of these essential components 
contain nitrogen, and the' e^ was dropped to form the word 
vitamin , whidh is 'still in use today* 

By 1940, f our . fat-soluble apd eight water-soluble 
vitaminaf had been identified and the chemical, structure 

\ 
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established-, and many vitamins had synthesized. After 

I940*,«two more water-soluble vitamins, fo lac in and vitamin 
B12, were found to be dietary* essentials. 2 During this 
-same period, it was also discovered that [the dietary sub- 
stance, mineral a*h, was a acomplex mixVtofe of elements, and 

about 20 different elements from this ash have now been 

" * • <? 

found to be dietary essentials for humans. 

New instruments and techniques developed within'the 
past 25 years have made if possible to study the metabolism 
of nutrients in individual cells and even subcellular 
components , .and they have shown tfrat nutrients play a vital 
role in, the growth, development ,* and maintenance* of cells* 
A link between cellular nutrition and health has also been 
ascertained. Nourishment* of .the cell is basic to the 
nourishment of groups of cells or tissues and in turn is 
basic to the nourishment of organs, and ultimately, the 
whole complex body. When nutrients are lacking, a number of 
metabolic defects can occur at th£ cellular level. These 
defects can be a failuire to form an enzyme, a failure to 
form cellular^components, or a Jailure to incorporate cel- 
lular components Lnto functional structures. Any one of 
these defects can lead to loss of cell function and even- 
tually t6 the death of the cell, Thia process is the 
metabolic event 4 of malnutrition and leads to the physical 
symptoms of ill health, associated 'with a nutritional defi- 
ciency. 2 

Investigations of vitamin D illustrate how the science 
of nutrition has progressed from assessing the rtelationship 
between nutrient intake antj 'physical growth, to determining 
the: nutrient 9 8 metabolic role, to integrating 'the associa- 
tion of nutrients With health.** Vitamin D'nutrition began 
historically with the recognition of rickets. In 1650, an 
English physician wrote a treatise on "wrikken," which 
described the weakened and deformed boneafof young children 
with the disease. The disease seemed to strike in cold 
fbggy regi6n8 of the country where children remained mostly 
iqdoors, the variety of food was limited) and sanitation was 
questionable. 

In the mid-18008, histological studies made possible an 
accurate description of the lesion in Ticket sN- -they showed 
that bone consists of an organic matrix, largely protein, 
into which mineral subsequently becomes 'embedded. Extensive 
examination of ricketic bones showed that synthesis df the 
organic .matrix continues normally but that the deposition of 
calcium and phosphorus is impaired. The bones,' particularly 
of the limj>8 and the rib cage! become weak and misshapen 
from lack of mineralization. The discovery that rickets was 
due to a failure of calcium and phosphorus to* deposit in 
growing bone, c,oupled with the common kno.wledge that animals 
in captivity grew poorly and had weak bones unless their 



diet included either ash or bones, reinforced the idea that 
rickets might be a disease of nutritional origin* . 

• ^ 

In the early 1900s, it was found that the addition of 
calcium phosphate to diets for ricketic puppies was to no 
avail; the most effective additive was cod liver oil, which 
was known to contain 'the recently discovered vitamin A* 
Even when this nutrient was' destroyed by oxidation, however, 
the oil retained* potency to cure rickets* 1 The atitiricketic 
factor was therefore nof vitamin A, and a new -factor was 
eventually identified as vitamin D. 'It was later learned 
that rickets Tfcould also be prevented by exposing either the 
diet ffr the experimental animkl to sunlight* The puzzling 
interact ions "between calcium, phosphorus, vitamin D, arid 
sunlight were gradually resolved into one cogent picture 
when vitamin D was isolated and synthesized in 1931* 

Vitamin D is ^iow .knowiv^to^be'a sterol', chemically named 
cholecalciferol , which carr be synthesized by the action of 
ultraviolet rays upon a related /fcompo.iind, cholesterol . 
Thus, the exposure of children or experimental animals to 
8 un light convert 8 tfie cholesterol naturally present in the 
skin to vitamin D. Since calcium and phosphorus are essen- 
tial structural components of bone, the dietary requirement 
for these minerals isfevident, and without sunlight or 
vitamin D, these minerals alone are not sufficient to pre4 
vent rickets because they depend upon vitamin D for intes- 
tinal absorption. 

This knowledge led to the belief that administration of 
vitamin D would end rickets once and for all. Instead of a 
cure, however, the bones in many cases became brittle and 
less 'mineral ized , and soft tissue calcification occurred. 
This unexpected result led laboratory investigators to focus 
on the precise mechanism of the ,ef feet of vitamin D eta bone* 
an3 the^found that the principal'metabolic role of vitamin 
D is to Maintain a constant level of calcium in the blood. 
The body 's main calcium sources ai^e the intestine and bone; 
when blood .calcium "f al Is , vitamin D increases movement of 
calcium into blood from both sources. {Since blood calcium 
regulates muscle contraction, its careful monitoring £s 
essential, to life. The very high doses of vitamin D admin- 
istered to ricketic children overrode the usual control 
mectwuusm. Unneeded calcium precipitated 'from the bone and 
caused mineralization of soft tissues. » 

With the synthesi^ of tritiated vitamin D in 1966> in- 
formation on the metabolism and function of vitamin D has 
advanced rapidly. Studies show that vitamin D, or qholecal- 
ciferol, is chemically modified, by a hydroxylation reaction 
in the liver, to 25 hydroxycholecalciferol (25-OHD3), the 
major circulating form of the vitamin. This compound is 
converted to 1 ,25-dihydroxycholecalciferol (l,25-(0H)2l>3) in 
the kidiiey: i _ . - 5 |' 
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t ^ S'ince the active form of vitamin D rs synthesized in 
one 5 orjgfcn a^d trahsported in the blood to a different action 
site; l,25-(OH>2P3 is considered* to be a hormone, and 
vitamin 0 D is more accurately " referred to 'as a prohormone. 
The hormone itself; acting in concert; with parathyroid 
hormone' (PTH) secreted by the parathyroid glands, *>lays a 
majof role in the maintenance of the normal level, of c^alcium 
in blood.;. When the blood calcium level falls, PTH is 
secreted and stimulates the kidney to increase formation of 
1 , 2 5-(OH)2D3 / which in turn stimulates calcium* absorp- 
tion from the intestine. It also stimulates bone deminer- 
alizataon.*- ,Xs the blood calcium level rises, PTH secretion 
is decreased,^ as is synthesis of 1 ,'25-(OH)2D 3 , and the 
^feedback lobp is completed.' ' 
v ♦ . ' ' 

With this broader understanding of the role of vitamin 
D, a number'of diseases with the unifying' pathological fea- 
ture of inadequate mineralization of bone matrix can now* be 
understood and treated effectively with vitamin D»or one 
of i ts'metabolites . Hepatic rickets, for instance, is a 
^di^ease that does not respond to vitamin D itself, but »is 
responsive to 25-OHD3. This- disorder is thought to result 
from a failure \rf the liver to form normal amounts of 
25-0HD 3 . Supplying the body with an external source of 
25-OHD3 is the suggested treatment . Bone changes general- 
ly resulting from the kidney's reduced capacity to convert 
25-OHD3 to 1 ,25-(OH)2D3 -often accompany renal disease. 
Th\3e disorders are successfully treated with physiological 
do8e*8 of l,25-(OH)2D3. Vitamin D-dependent rickets is 
thought to result ftfom a genetic inability to hydroxylate 
25-OHD3 to l,25-COH)2D 3 > and is treatable with the latter 
metabolite. 

* » 
Comparable basic research of other "nutrients integrat- " 
ihg metabolic functions with biochemical and functional 
defects and clinical health is needed. This typ& of re- 
search will help identify nutritional factors! associated 
with cardiovascular disease,, hypertension, diabetes, and 
cancer. 



Major Recent Research Advances 

Progress in nutrition research ha$jbeen rapic}/ The, 
American Institute of Nutrition, whose membership is re- 
stricted to scientists who have made significant contribu- 
tions to— the field, has over 1 ,500 members. Inl978 over 
4,000 papers dealing directly or indirectly with the subject 
were presented at a single scientific meeting. 2 Reviewed 
below are signific£rit*r§search findings of the past 5 to 10 
years, organized under four general concepts. The concepts 
.point to directions for future nutrition research. 
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• A link exists between cellular nutrition 'and tissue 
functional competency such as immune function- or 
cognitive* function. Changes in tissue function ar6 
linked to health problems associated with malnutri*-* 
fionXstjch as increased incidence of r infect 

impaired socialization and learning ability. ' 4 ^ 

it not nourished adequately, infants and children are J . L.* 

very susceptible to infection. Cicely Williams first ob- 1 9 ' v % 

served this susceptibility in her description of kwashiorkor -" * 

in African, infants and children in 1931-32. £n fact, any ' ' 9 . ' , 
acute* nutritional deficiency caused by excessive nutrient 
losses, surgical procedures, or a poor diet results in an- \ 
increased incidence and severity of infectious diseases. 
Malnutrition appears to affect both immunologic and non- 
specific systems of the host defense. J \ 

The ability to synthesize new proteins from amino acid jm ^ 

'precursors is essential for producing either cellular or . * ' , 

humoral immunity. Protein synthesis is also required for 

nonspecific host defensive mechanisms, such as the formation , 

and /unction of phagocyt ic- cells. In malnutrition, and 

especially in protein-energy malnutrition, competition 

exists for amino acids necessary for. cellular maintenance, * 

growth, other subcellular activities, arid immunogenesis. 

Even a mild infection can stimulate excessive competition r 

for the limited 8-upply qf amino acids, and it appears that ■ ■* 

immunocompe tent^eells do not have priority oVer muscle and 

liver cells in tijne of need. 9 .These observations have led 

to investigations on the toTe of nutrition in immunologic 

function. Preliminary evidence suggests that malnutrition 

may have a particularly important influence on cell-mediated 

immunity, but the humoral response, phagocytosis, ajad 

complement system, are all affected by nutrition as well. ft 

0 

Recently*, there has been increasing concern, that the 
administration, of * iron, either as supplements or in iron- 
>rtrfi<£d formulas 



fort2ffi£d formulas or cereals, may predispose infants to 
infection. The b^sis of this concerh i% that in vitro 
studies haveS^own that v the bacteriostatic properties of 
transferrin and' lactoferrin ,( iron-binding proteins in the * 
serum, human milk, and cow's milk) are dit&inished- or oblit- 
erated when these proteins are saturated with iron. 10 ^ 
Clinical human studies, , however , do not show that iron 
fortification of infant formula^ and cereals increases the 
risk of infection. Conversely, infectious disorders appear 
to increase |with iron deficiency in lowr-birthweight (LBW) i 
and ful^term infants. 



v 
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Malnutrition can also retard brain maturation, In » 
fact, longitudinal studies in children up^to 60 months of 
age have shown tfyat such effects are exacerbated by a poor 
socioeconomic environment . H Although the mechanism of • 111-11 

' . < 
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the effects has not been elucidated, animal studies have led 
to two theories. The first involvete structural damage to 
the developing nervous system imposed by nutritional defi- 
cits aMcritical periods* The second theory involves 
functional isolation resulting from malnutrition. 'The 
.effects of malnutrition seem to be more of a behavioral 
nature than an impairment of learning. The behaviors most 
^ffected include attentioii, responsiveness, 'motivation, and 
emotionality . 12 Malnourished children .arfe often more 
apathetic, demonstrate less exploratory behavior, and have *a 
minimal amount of nondirected or incidental learning. Such- 
changes result in less environmental stimulation or sociali- 
zation, which often leads to further deterioration of mental 
development. Malnourished children in deprived environments 
seem to have little, Jiope of subs tantial" improvement , Un- 
fortunately, malnutrition and poor socioeconomic environ- 
ments of ten* coexist. This fact needs to be remembered when 
food policy programs are developed*. Provision of .food with- 
out opportunities for improved education, sanitation, and 
housing is likely to be of little benefi^^ 

Findings', oh the effects of malnutrition demonstrate a 
significant link between nutritional status and behavior. 
Food deprivation studies in humans show a range of physio- 
logical, attitudinal, and behavioral adaptations and also 
indicate that the behavioral changes occur earlier and 
possibly more rapidly. *3 Unfortunately, behavioral adapta- 
tion in man may have the, most lasting functional outcomes. 

In the* past, most studies on nutrition and behavior 
focused on -the* behavioral effects of moderate to severe food 
deprivation,' Some studies on the lack of a specific nutri- 
ent, iron, have also been undertaken, and a relationship 
between ir*on deficiency and^ behavioral disturbances has been 
proposed. Iron-deficient rats have definite and remediable 
behavior^* derangements, but the effects of iron deficiency 
in humans are not as clear, Some stutjies suggest that iron 
deficiency imposed during critical periods of central 
nervous sys tem development causes leariiing di sorders, ^ 
but most show no significant effect on mental development, 12 
A mild iron deficiency in children has been associated with 
decreased attentiveness, an inability to integrate cumula- 
tive experiences, and increased cqnrfuct disturbances^ — Tfi^se 
studies are only preliminary, hgtoever^ and further investi- 
gation is needed .4* 

>Within the-past several years, 1 nutritionists have begun 
♦investigating the effect of nonnutr itional substances in v 
food on behavior in children. Several studies on ^yperkine- 
sis" and the intake of food^ coloring agents in susceptible 
children have been done, but, the results have been inconclu- 
sive.— 
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* Other fynct ional ' impairments may fce identified as 
future, research focuses on tht link between cellular nutria 
tion apd functional competency. Basic studies of-experi-*^ /* 
^pental r animal d are needed to determine, the sensitivity of 
varjjyus functions to nutrient deficits. Tt^ese studies may 
identify noninvasive markers of nutritional state that will 
be very useful \w assessing the nutritional health of 
infant 8 and children. * ^ 

• Severe nutrient deficits will alter growth" and & 
development from f ertfil ization to maturity; the 
effects, however, vary With the degree of severity/ \ 
length of deprivation; and stage of development when 

** deprivation occurs. * * 

Prenatal malnutrition can have deleterious effects on 
v both the mother and the developing fetus, ranging from 
growth retardation, to structural and metabolic anomalies, 
to -death in severe cases. Research has demonstrated a 
striking reduction in birthweight mediated through maternal ^ 
undernutrition in species characterized by rapid fetal ^ 
growth- rates. ^ The effect is different in subhuman primates A 
where severe maternal malnutrition caused increased morbid- 
ity and mortality but reduced birthweight by only 10 to 15 
percent. ^5 i 

& , . • 

Severe famine 1 * condi tions imposed during World War II ) ^ 

provide relevant ^human data. During the siege of Leningrad, ' * 

18 months of near famine were associated' with *a striking in- 
crease in perinatal morbidity" and mortality and a 500-600 g 
reduction in birthweight. A more limited famine in Holland „ 
was* associated with a 300-350 g reduction in birthweight, 
but only if the famine conditions were experienced during 
the last trimester of pregnancy. ' 

If severe lack of food decreases birthweight by only 
300-400 g, it is unlikely that supplementation for women \ 
. with borderline malnutrition would increase birthweight. 
This was y the 'general experience of food assistance programs 
in several countries during the past few years. 1 ** Although 
methodologic approaches differed, the results were similar. 
The most promising results of food supplementation programs 

were repotted from rural Guatemala, where consumption of % \ \ 

20,000 extra- kilocalories during pregnancy increased mean 

birthweight by about 200 g and the incidence of LBW infants 

was reduced from 9.9 to 3.5 percent. The Montreal Diet 

Dispensary provided food supplements and dietary counseling 

to ^pregnant women considered at risk, for a variety of / 

reasons, and the program increased birthweight by 50-100 g. 

Birthweight was increased a comparable amount, '60 g, when 

pregnant women from disadvantaged, areas of Bogota, Colombia, Nutrition 
Who previously Jiad given birth to a malnourished infant,^ 

were gfven food supplements during the* last trimester. 111-13 



Birthweight was not affected when nutrient supplements were 
given to low-income blacltf women in 'New York. Also^an 
evaluation of the U.S. food supplementation program during 
^pregnancy has disclosed only mddefet effects on birth- 
weight T 17 • * - ' , < ~- 

The* results of these supplementation studies on birtli- 
veig.h't,and therefore on intrauterine growth should be 
^interpreted with caution, for the extra food may have been 
used as a' substitute rather than a supplement for. foods in 
the n^pnal diet. Despite this problem, the conclusion can 
be -drawn that nutritional intake's ^during pregnatfcy do 
influence fetal growth and that except in famine conditions 
the net effect on birthw^ight is-probab.ly in the range&of 
50-100 g. . ' . *>* 

Rfe search with experimental "animals makes it possible to 
1 study the effects of a specific nutrient nqt^only op phys- 
ical growth but also on tissue deveJ.optaent and' function. 
Animal studies help define the specific role of nutrients, in 
growth and development, and they may provide a model *JEqt. 
identifying thd role of nutrition JLn human congenital 
* anomalies or growth retardation. The^ effects* on development 
of severe dietary protein deficits have^ been'is tudrfevi in 
experimental animals .morev ext ensively than thosp of any 
other nutrient. Irt geperal, severe lack of protein during 
gestation leads to a large number of fetal losses, and young 
, carried to term have low bitthweights, high^ mortality, and 
poor survival. .Damage .dpne during fetal* development Is 
apparently irreversible. ^ ~i * 

• *" * ^ 

A large p t art of the work on pyenatal protein depriva- 
tion has been x under taken with an experimental model in which 
pregnant rats, throughout the ^Way gestation pefiod are fed 

neither a control diet containing ^24*percent protein or a 
protein-deficient d^et containing 4 percent protein. In the 
controL group, approximately half of the total weight grfin 
is due to the combined placental, uterine, $nd fetal gain, 
and the other half to maternal gain. In contrast, 'the 

.protein-deprived dams gain negligible weight and' the«preg- 
ndncy\8eems to proceed at the expense of, maternal tissues. 

Although these findings mignt sugges^that ^these 
fetuses are successfully parasitic, theii development is fat 
from normal. Examination of the skeletal; system shows t^at 
the beginning of bone* growth is signif icantly*delayed ./ The 
iptefctine is shorter, narrower, and has fewr^r cellls . \ A 
decreased uptake of ' lipid and protein Was been observed., 
which interferes , with normal postnatal growth. The kidney 
fail 8 to develop fully. At^the functional level, ^th^ 
;lomeruli of the kidney, which are the cellular completes - 
that filter blood, are fewer in number and functionally 
impaired. t * ' • , 
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_ ^ Since rats fed the protein-deficient diet eat less than • k 

the controls, thfey are deprived of .energy 'as well. * In an & T " 
effort to separate, the effects of protein deprivation froia 
those of energy deficit, pregnant rats have; been fed a diet c • 
th£t was adequate in protein but provided only a? fc much 
energy intake as' the protean-deprived rats consumed. \ The ' * 

euetgy intake of the two groups was equal , but one gro3^J^*as n ' 
receiving adequate protein. Offspring of- the; rats fed^f^f-. 
ficient protein wAe smaller than the controls, but/ they did ' 
not show the severe developmental failure of^the protein- 
deprived pups. The finding ^indicates that the lack pf pro- 
tein-was thfe pMmary deficit,*** 1 «■ 

Further experimentation has attempted to assess the 
permanence of the damage to prenatally ^protein-deprived 
rat 8. . When pregnant females were fed die 4-percent pfotein 
diet for 16 days, .then switched to the 24-percent -^protein i 
tiiet during the last 4 days of gestation, the fp\al .weight' 
gain was greater than in the group fed only 4 percent pro- 
tein for the entire £1 day^. Decreased in cell numbet, 
size, and function of organs, however, were still evident * ; i 
In other studies, pups of pr otein-,depr ived mother*? .were 
allowed to suckle with' lactating rats that had been, re- * 
ceiving Tiormal diets/" Even with long-term adequate feeding, 
the morphological and functional chafes in their organs. * 
were not reversed .3 \" 

- ■ t . * q *. 

This work with rats shows that a lack of prot/ein" in ,the. > 
maternal diet delays maturation of the fetus, with-the <re- " 
suit that newborn pups that -survive have low birthweigfrt% ^ 

-and fail to grow normally. Most of the organs that, have' , * %r * 
been studied, including the intestine, kidney, livet 1 , 'and 

"brain, have fewer and seller cells than do controls/ Fuy ^ 
thermore, many of ,the enzyme 1 'systems required for normal * r • 
digestion, absorption, biosynthesis, and excretion are 
significantly reduced. Neither protein supplementafciiontoear - v * 
the end "'of gestation nor adequate postnatal nutritioft com- , " 

pletely corrects the^se deficits, and -catchup growth is • 
generally not possibTe. »' v 

yt < ■ L 

The effects of severe vitamin and mineral: deficiencies "* * * 
on fetal growth and develppment have also been studied in , 
experimental animals. 3 As with protein, the reseafcc^ <^n-^ . * 
fir/ns> the indispensable role of these nutrients for fetal • • 
-development. When maternal diets' are severely deficient 
a vitamin or one of the mineral^, such as. calcium, magne- 
sium, zinc, copper, or manganese,, the number of fetal deaths 
and congenital defects is increased and fetal growth is- re- 
duced. Often the changes are -irreversible despite postnatal' ' ' 
refeeding. • 4 t 
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Although^ the mechanismCs) leading to these changes is 
not known for mdtet of the nutrierits, the underlying defects 111-151 
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leading to the changes associated with^ii\c deficiency have 
been studied quite Extensively. Zinc Is a constituent of a 
number of important metalloenzymes and is a necessary cofac- 
tor for, many other enzymes* Two epzymes that have lowered 
ac tivi ties . in embryos of zinc-deficient dams are thymidine 
^kinase and DNA polymerase.^ , Both .are- critical for ^<&1~ 
lulfer division and growth. Cytogenetic studies confirm that 
zinc deficiency causes aberrations *of DNA, synthesis . 1 Chro- 
mosomal gaps and' terminal deletions have been seen in the 
fetal liver and maternal, bone marrow of zinc-deficient 
animals 1 ,^ These studies suggest that nutritional deficits 
during gestation may have their primary effect on an aspect 
of cellular function that leads to a defect in tissue dif- 
ferentiation and 'growth. Survival dependsVupon the timing, 
natifffe, and severity of the deficiency. * ^ ' 

W • Phys io,logix:al« adjustments associated with various 
stages of growth and development have 1 an effect on 
nutrient absorption, excretion, metabolism, and 
storage. Sojne of these adjustments for nutrient 
utilization in pregnancy have been identified*^ and 
changes have been made in criteria for normal blood 
levels of nutrients and in recommendation^ for 
nutrient needs during pregnancy. K . 

Investigations show that the placenta has a critical 
role in adjusting maternal utilization of nutrients to as- 
sure better fetal support. Jn addition to determining the 

"wte an'd selection of nutrient transfer,, the placenta 
synthesizes and'secretes hormones • that modify materpal 

'metabolism* A normal, metabolically active placenta is re- 
quired for these transport and secretory functions. v / 

One of the placental hormones, hufian placental lactogen 
(HPL), appears' to have a marked effect on nutrient .utiliza- 
tion v HPL^is remarkably similar biologically and immuno- 
logically to growth hoVmone and may represent sdlfre tj^pe of 
growth factor for the fetus and/or placenta. HPL exerts 
major effects on maternal carbohydrate, lipid, and protein 
metabolism* The main jole of HPL seems to be to assure a 
constant supply of m$ter4t§l glucose- to the fetus. To spare 
glucose for the fetus,' maternal fatty acids are mobilized as 
the predominant oxidative fuel for the mother l^^Jke net 
effect is a rise in the plasma concentration of free fatty 
acids and a decreased sensitivity to endogenous .and exoge- 
nous itwulin. * • * 

*» 

HPL may al so • increase the fetal supply of. amino acid? 
by restricting maternal utilization of protein in late 
gestation. Nitrogen retention dat;a from -human studies sup- 
port the concept of protein storage in early gestactfon.^O 
The procesi occurs when fetal needs for amino acids are 
small, ' Elevated progesterone and insulin levels in early 
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pregnancy may facilitate protein storage. As paregnancy 
"J>r ogre s ses into the 'second trimester, fetal 4 amino acid 
requirements indrease as a result of rapid fetal growth, 
- Act ive 4 placental amino acid transport* assures that, fetal 
needs are met. The diet normally provides adequate amino 
acids for -growth, and the previously stojed protein serves 
as a backup system or as a protein source for early lacta- 
tion. Changing hormonal patterns toward the end of preg- 
tnancy are consistent with the concept^pf withdrawal of 
/ protein ■ from storage sites in the form of amino acids, 

► ? 

Iron provides an example of how utilization of a 
specific nutrienf'is altered to meet increased needs during 
pregnancy. Total iron needs for pregnancy are 9alculated to 
be ab'out ,675 mg, or abouK| mg/day, duiring the last halffof 
gestation. If the usual 10 petasnt of dietary iron were 
absorbed throughout gestation; 50 mg iron would ha^e to be 
co nsum ed daily — an/impossibility. However", iron absorption 
increases during pregnancy to as much as 30 percent. Thus a 
dietary" supply of only^about 17 mg- iron daily would provide 
the needed 5 mg. This level of iron intake* is feasihle^ 
These calculations are based on the assumption that adjust- 
ments in absorption are the only changes occurring in iron 
utilization. Reduced excretory . losses are also working in 
the mother^ favor in £hat'she saves 120 mg or So during 
gestation whenc s'he is na.t menstruating Mobilization of 
tnaterh^l iron stores may also be increased," • ' 

~The stary of iron utilization during pre^nan^y is far 
from complete , Studies oil the relationship b^we^blood 
volume expansion and fetal growth and ef ficienc^^t iron 
absorption are nejsded. Also, wh^t* is the recovery of. iron 
with reduction in blood volume and uterine >involut ion post 
partum? #es»ults of iron absorption studies show, however 4 . 
5^ a |k the P re 8 nant woman utilizes her dietary iron much more 
efficiently than nonpregnant women and may not be as depend- 
-ent-jqn ilron supplementation las commonly* thought. 

Breast-fed infants are another^ example of ,how nutrient 
absorption is altered to meet increased needs. Milk is 
generally considered to. be a poor source of iron. Reported 
values for iron'in breast milk range from 0.2 to- 0.8 mg/1. 
In 8 pit e of this 'low level, irpn deficiency anemia is very 
rare amo*g breast-fed infants. In fact, infants who £re 
breast fed for the first 6 motfths of IVie have an iron 
nutritional status equal to that of infatits fed, formulas 
fortified with 8 to 12 mg iroft per liter, This ^suggests^ 
th*t 'the bioavailability of iron from mother's mMk is much, 
higher than from c'pw's milk, although the mechanism for this , 
difference is not known. 21 

»•,'•• ; 

Zinc is anotrher mineral that appears to 'be better 
absorbed frjom, toother 1 8 mi'lK than from cow's miljk. *The 



difference becomes critical in acrodermatitis^ enterOpathica.* 
This disease is seen in some infants soon after they are 
weaned to cow 1 8 milk and is characterized by widespread skin 
lesipns and severe diarrhea. The symptoms are completely 
Curfed by feeding breast milk. The disease is now believed 
to be a result of a genetic inability to absorb zinc f roin , 
the intestine, and the thenapeutic value of breast mirk is 
attributed to its content "of a zinc binding lifcand not pres- # 
ent in cow's milk, which allows the zinc to be absorbed. 22 
.Possibly a similar ligand exists for iron. ^ *« 

^ • The v nutritional status of humans is influenced first 
of all 'by, genetic makpup, bu| the environmental 
miiieu withifk which they exist probably has the 
greatest overall, long-term- influence on food 
choices and, Tkherefore, on nutritional" healths 

• One of the most n^abW-pxamples of how genetic differ- 
ences affect food sBleq^i^n and nutrition £s the condition^ 
of lactase deficiency among specific population groups. 
Three lines of evidence support the hypothesis' that this 
condition is genetically predetermined: the prevalence of 
lactase deficiency among apparently iieal thy. populations; . the 
absence of this decline i.n enzyme activity among specific 
population groups; and the inevitable ,fal 1 with age in 
lacta'se activity in most mammalian species. 2 ^ Lactase 
deficiency,, or primary lactose* intolerance, is particularly 
common among children of some American ethnic grfftips, with a 
prevalence approaching 90 percent among the'black, Mexican- 
American, and American Indian populations^studied . The 
prevalence of- lactose malabsorption in white children tends 
to be much lower, averaging 30 percent. • s * 

\ * t 

• Of major concern is, the relationship of lactose in- 
tolerance to nutritional status. Multiple studies have, 
shown that, amotlg children 1 to 9 years of age, no dif- 
fer&nces in jnilk consumption §re found between the lactose- 
tolerant and the lactose-intolerant, regardless'of ethnic 
'groups. In older children, however, studies have suggested 
that some children With lactose malabsorption consumed far 
less milk than other laatose-intolerant children. Findings 
suggest that, among older children*, a continuum of milk 
intolerance exists within the lactose-intolerant group, and 
tfii* has been confirmed by studies showing higher intestinal* 
lactase activity among lactose-intolerant' children who drink 
average amountfi of milk. Among all lactose-intolerant- 
children, however, very few have -symptoms after consuming, 
240 ml <(8 ounces) of milk. 

Even though milk intolerance is generally not a major 
problem, the question of the effects on bioavailability of 
nutrients in the presence of lactose malabsorption withoyt 
symptom* of intolerancejj* important. In general, there are 



few data available to address this question, but the data 
that do ■ exist indicate that this is not a major problem, 
except perhaps- in cases when overall intakes are marginal . 

Besides primary lactose intolerance", a. number of other 
genetic defects in nutrient utilization have been identified 
in the last 20 years. At present, about 270 inborn terrors 
of metabolism have been described, for man. Many are dis- 
turbances of amino ac^id metabolism, but carbohydrate, lipid, 
and vitamin metabolism are also affecteyf. The most common 
of these, phenylketonuria, has' been fahown for some time^ 
Some of the other - amino ac \d metaboZit defects include 

, alterations- in the metabolism of branched-chain amino acids, 
such as magle syrup ui>in£ {disease, hypervalinemia, homocys- 

-tinuria, cystathioninuria, and defects, of tirea cycle metabo- 
lites*. Recently, defects. have been identified for trace 
element metabolism. Tfcese include' acrodermatitis entero- 

# j>athica r a defect in zinc* absorption, and Menke syndrome/ a 
genetic defect in copper absorption. By studying these 
generic defect's in' nutrient utilization, investigators can 
determine nutrient metabolic functions and the effects of 
the lack of availability of a nutrient on cellular metabo— 
lism, growth, and development. * 

> Data from invest igationd qf environmental-nutritional 
interactions suggest that overall growth and development of 
children are affected by variations in their social environ- 
ments and early experience. Like the effect of malnutrition 
in combination with socioe^vironmental deprivation on mental 
development and function^ early disturbances of mother- 
infant interaction, 'including feeding, disturbances, can^re- 
tard weight gain, and in jojore extreme ceases, cause "faffure 
to ( thrive . nl * Furthermore, an. infant 1 s pr youhg childjs 
altered nutritional status, which is reflected* in physical 
appearance, .general demeanor, and behavior, can affect^ the 
manner in which the mother **or ' other primary caregiver 
responds to and cares for the chilcf. Which comes first is 
not clear^-the disturbance* of the mother-infant interaction 
or poor nutritiQn. In either case; the end result is poten- 
tially 4eva8tating. Poor e*rly nutritional-fexcial experi- 
ences can significantly affect physical and behavioral 
development . 

The link between early nutritional-social experiences 
and development needs further investigation. How do early 
experiences, for example, alter subsequent dietary ^patterns 
and nutrient utilization? Chronic {parly food deprivation in 
experimental aninrals has been shown to lead to metabolic 
thanges that affect nutrient utilization for growth and 
development later. It Kas also been* suggested that early 
exposure to taste modalities affefct later food selection 
and, potential ly, * nutritional status* Research relating 
eatly food and nutrition experiences and later development 



is likely to identify other Relationships. Knowledge of 
these relationships will help define preferred dietary 
patterns and nutrient intakes during development. 



III. Needs and Opportunities for Research 

Because of the major technological advances of the past 
decade, opportunities for resolving^ basic biological ques- 
tions and, ultimately, the more applied issues are better 
now than ever before, New instruments and methods, such as 
the electron microscope with an analytical microprobe, the 
ultracentrifuge, and immunoassays, have made it possible to 
investigate subcellular aspects of metabolism. Improved 
hormonal^ assays now aliow researchers to evaluate better the 
effect of nutritional variables olci^omeostatic mechanisms. 
"Fur the^rpore , stable is'otope tracers"majce impossible for 
tracer' studies to be extended to growing infants, children, 
an<| pregnant and lactating women without expdsure^to^radio- 
active risks. Extensive definition of animal model8,^pfcr^ 
ticuTarly the* nonhuman primate, will enable scientists to 
undertake the more invasive metabolic studies that would not 
be ethical in humans, ^nswers to fundamental research 
questions will provide, tools and theories for rapid, advances 
in the inore applied or clinical questions. . Five fundamental 
areas are described below. In-depth review of high pri- 
ority, applied issues may\ suggest additional fundamental 
research areasu \ * 



Growth: Criteria for Evaluation 

As pointed out elsewhere, anthropometric measures puch 
as height, weight, and sometimes head circumference are the 
most common determinants of- growth. The underlying assump- 
tipiji in evaluating these data is that "larger is better" or 
"faster xjp nicety" Methods of assessment of the composition 
of tissue gained during growth must be improved and optimal 
compositional gains must be defined. 4 The capacity to define* 
growth in terms of carbohydrate, fat, or protein content 
Valong with improved assessment by biochemical and functional 
markers (to be considered ^>elow)<.will greatly enhance the 
ability to evaluate such questions as the relationship of 
protein intake to growth, the appropriateness of mixtures 
for total parenteral nutrition, and the impact of chronic 
disease on growth. Without better criteria and methodology 
to judge growth, progress on questions in great need of 
answers will be impeded. 



Assessment of Nutritional Status 



Clinicians and nutritionists are constantly plagued by 
their relative inabilitv to discern differences in nutri- 
tional status. Many are well aware of the questions on 
nutritional state that need to be answered, such as the 
effect of environmental pollutants and of iron supplementa- 
tion, % and breast milk vs. cow'.s milk, but sensitive methods 
to characterize either an individual 01? a population nutri- 
tionally just do not exist. Several approaches may provide 
better tools of evaluation: s 

* Information is needed on the sensitivity of more 
rapidly metabolized proteins to nutritional varia- 
tions. Retinol-binding protein, prealbumin, or 
enzymatic proteins may be more sensitive to nytri- • 
tional , 8 tate ■ than serum total protein or albumin. 

• Trace elements and vitamins probably can be evalu- 
ated better by measuring a process, such as a 
metabolic reaction, dependent on the compound in 
question. Such a test more closely related to 
biological function should be more sensitive than 
blood or urinary concentrations, which may not 
change until stores are depleted or may fluctuate 

m with dietary ^variations. 

No nbip chemical functions such as behavior, cognitive 
^ability, or immune function seem to respond to 
nutr^jULonal changes more quickly than circulatory**^ 
excret«5^g^rient llvela-^'The sensitivity of these 
functions t^ttu^rTtion needs to be defined. 'Also,* 
improved methodology for assessing these functions 
is required. 



Nutrition During Growth and Development 

The continuous, well-programmed growth process results 
in metabolic and functional Changes occurring in. sequence 
throughout the life cycle. These changes lead to changes \n 
nutrient utilization and thereby alter nutrient requirements 
and criteria for evaluating status. Until enzymatic, endo- 
crine, metabolic, and functional changes have been "mapped 
out" for each §tage of human growth, studies on questions 
such as the effect of physical activity o^ high sucrose 
diets on development cannot be answered because physio^ 
logical norms have not been^established.^ 



Maternal-Fetal Interactions 

It is difficult to associate fetal malnutrition and 
growth retardation with evidence of $oor uterine blood flow, 
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placental function, of ' oth^r direct fetal factors. Several 
questions need to be answered to sort out factors that alter 
intrauterine growth., Some fundamental issues include: 

• Continued elucidation of factors affecting, placental 
blood flow an<f how those factors affect nutritional 
supply to the fetus, 

• Intensive study of placental metabolism and physiol- 
ogy* *nd definition of technique* for in vivQ as-' 
sessment of placental function. 

• Consideration of mechanisms by which the fetus may 
exert autocontrol over placental functions Is it 
true that the fetus is only a passive recipient of 
nutrient 8 without some mechanism(s) for autocontrol? 

• Patterns of substrate utilization^by the developing 
fetus." 0 

• Humoral mechanisms regulating growth and differ- 
entiation of specific cells or groups of cells 
within the fetus. . ' ' 

* 

• * The basic issue here is the contention that questions 
regarding altered' intrauterine growth, a major "nutritional" 
problem, can be resolved "only by clarifying the biology of 
ma ternaj/- fetal interactions . 



Health Education and Nutrition 

Although countless biologic, neurophysiologic , and be- 
havioral ^questions need to be answered in' order to under- 
stand fully the. genesis of obesity, the major push toward 
public nutrition education creates both problems and opport- 
unities of a fundamental nature. An implicit assumption of 
this effort is that health education "applied" at an early 
and appropriate age will be of major importance in modifying 
the subsequent behavior of children. It seems clear that 
the methods by which behavior can be changed mpst, if pos- 
sible, be defined. 



IV. Priorities and Recommendations ; 

g<?t forth' below are recdmmended 5-year research objec- 
tives. .The recommendations -have been developed i v n the* 
framework. o£ four broad major questions: *Ar,e current. 



clinical practices, recommendations, and* standards in given r * 
issues of nutrition and health appropriate? Are the bio- 
logical or methodological issues that are involved basic to 
the resolution of other questions? In terms of recent and 
current research, is the issue now ripe, for investigation*?,;, 
Is existing technology sifch that the is ; sue can probably be . 
resolved in the next 5 years? These questions are pred- 
icated on the principle that research should be supported 
on the basis of scientific excellence. 



Priority Category I 

(Evaluation of qurrent clinical practices, recommendations, 
or standards) ■ • 

* * £ 

To define, the effects of different levels of iron supple- 
mentation during pregnancy on maternal nutrition jnd func- * 
tion agd on fetal growth and development .. 

Iron toxicity will occur in humans if a large intake of 
a highly 'available iron dose is continued" over a long period 
of 'time. The result is a generalized increase in the iron 
content of the body tissues, particularly ol.ttfe liver and 
the reticuloendothelial system. Once iron is absorbed, it 
is not readily eliminated. Eventually, fibrotic changes 
occur in the affected organs. 5? t ^ 

Currently, the National Research Council recommends 
that all pregnant women receive 30 to 60 mg supplemental 
iron daily. ? This recommendation was made because of the 
low iron content of habitual diets of ^American women and 
their low existing levels of iron stores. Much of the 
research underlying this recommendation was done befpre 
iron-enriched breakfast\ cereals, containing 10 mg iron per 
serving, became commonplace. In addition,* because of 
nutrition education' programs , many women are aware of the 
need routinely 6 to selecn good sources' of iron, in their 
diets. Because of these changes, .the question of routine 
iroil supplementation foryall pregnant women should be 
reevaluated* 

At greater vislf. of iron toxicity duetto chronic supple- 
mentation are those iron-^uf ficient women who receive as 
much as 200 mg iron daily. Iron-deficiency anemia is 'more 
common durtng-pr egnaucy because 6f expansioi^oFblobd volume v 
and fetal demands. Pregnant women who develop clinical 
8ign.s of iron deficiency, such as\low percent saturation. of 
transferrin or Low hemoglobin levels, should be treated 
orally with about 200 mg medicinal iron daily. In an at-* 
tempt, to prevent iron deficiency during pregnancy, some . 111*23 
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clinics routinely treat all women 'with as much as 200 mg 
iron daily whether there is evidence of iron deficiency or 
not 1 , practice needs to be evaluated critically* 

^ Th^re is some preliminary 'evidence that routine iron 
supplementation of iron-sufficient, healthy pregnant women ' 
y may be a risk to the mother and' the fetus. In a British 

study, the mean corpuscular volume of red blood cells 
4? increased in pregnant women given iron supplements during 

pregnancy. 24 Doe* this morphological $fiange alter oxygen 
transport to the fetus? Do other- erythrocyte changes and 
tissue degeneration occur with the chronic, higher supple- ^ 
mentation levels? This very critical question should be 

* pursued immediately because the clinical management of all 
\ pregnant women with regard to iron is at issue. « 

To determine the growth rate that best supports physical and 
functional development . * * 

• 

Currently, when birthweights, physical size, and growth 
rates 'are evaluated, "the bigger, the better" is assumed to 
; be the standard. But are bigger children stronger, smarter, 

, , and healthier? Is being the biggest an advantage? Is a 

faster growth rate the best? These questions have not been 
adequately answered even though physical size' is often used 
as a ^standard fbr assessment of jiutrit ional status and 
health. ' 

- ' \ 

Some early rat ^studies showed that a lower energy in- 
take in the early post weaning period led to a longer life 
span than when the animalS'were liberally fed.* This 
, finding suggests that delayed growth and maturation rates 
brought about by restriction of dietary energy early in life * 
lead. to a longer life. Epidemiological studies d<? not 
confirm the same longevity effect in humans, fpr in parts of 
the world whera food intake i£ chronically low, the average 
life span is porter than in richer' countries with a more 
• - generous food supply. It should be* remembered^, however, 

. - that richer countries usually have better public health 

practices as well; this evidence really does not 'rule out a 
« ^ relationship >etween growth rate, %ize, and health, in 

• * humans • ' - 

9 

* *, Statistics on infant mortality provide some human 

' evidence that beyond a certain point, bigger is not better. 

There is an increase in infant mortality for birthweights \ 
^ above a critical point as well afe for birthweights below. a 
^critical point. This observation needs to be followed up 
with well-controlled investigations on functional develop- 
Nutrition „ ; ment and* morbidity in infants* and children who are in the v 

• ♦ upper percentiles of growth charts and who -are experiencing 
111-24 fast growth rates. 
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To determine the effects of parenteral nutrition during * 
infancy on gastrointestinal development and function . 

Lott-birthweight ^infants and thoge born with congenital 
Refects of the jgas troi-ntestinal tract often require total 
parenteral nutrition (TPN) for survival. In 19?7, l\ 1 
X ' per^pnt % of all biVths in the United States were low-birth- 
S? H weight — i.e., 2,500g or less. Statistics collected 1 year 
& latsr showed that ^.3/1^000 births in Metropolitan ^Atlanta 

had^either* atresias qr stenosis of 'some segment of the* gas- \ 
trointestinal tract. "Thus, an appreciable percentage of all 9 J 
live births in the United States are in need of parenteral > 
nutrition. £ 

Introducing nutrients solely through. the vein means 
that the gut may not be exposed to nutrienta and o,ther food 
components during the early, stages of development. Experi- 
mental studies suggest that ^enzyme^ maturation in the mucosal 
cells is responsive to substrate (oi^nutrient) exposure. i 
Other aspects. of gastrointestinal development, may also be 
influenced by exposure to food. What then are the effects 
of parenteral feeding 'on ^development 'of the gastrointestinal * 
tract? Is long-term function cbmpromised in individuals fed 
pafcenterally early in life? Should some combiViat ion of 
enteral and parenteral feeding be used to support noniial 
gastrointestinal tract development? If so, what foods are 
the best choices for enteral feeding, and is there an advanj- 
tage in feeding human milk rather than formulas? Although 
it is important to continue current investigations on 
parenteral nutritional v^equirements of infants, the impact 1 
of this mode of "feeding on gut development needa investiga- 
tion* to* assess better the risk and benefits associated with 
this means -of nutritional support. 4 

To de t ermine. Jthe nutritional requirements pf pregnant women , 
with metabolic disorders., such as obesity, hypertejtsion , • 
diabetes mellitus, or inborn errors of metabolism ^/^ . 

Metabolic disorders in the pregnant woman increase the 
risk to -the fetus and to the mother. Dietary modifications * . 

are often used to manage the disorders and lower the rates 
of complications. The advice often given to obese, hyper- 
tensive, or diabetic pregnant women is Jto eat regularly a 
"well-balanced" diet. Such a diet is further interpreted as A • S 
one that emphasizes animal sources of protein, fruits, and * 
vegetables and deemphaaizes carbohydrate sources, especially 
cakes, cookies, sweet rolls, and pies. — - 



The ^et result is that the percentage of energy pro- 
vided by protein is increased. Although reduction of simple 
carbohydrate sources is well justified for the diabetic 
woman, the merits 'of the high protein diet that Qften 
results have not been determined for her or for the obese 
flfid- hypertensive woman. * 
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The Food and llitrit ion 'Board of the National Research 
Council recommends 76*g protein/day during pregnancy.? 
This, is 13 percent of the recommended daily energy intake. 
With emphasis on dietary protein sources, total protein 
ihtake may be iricreased by SO to 75 percent so that over 20 
percent of the enfergy is provided by protein. Such an in- 
crease in high quality protein will induce the formation of 
hepatic amino acid catabolic enzymes and result in increased 
urea. : The consequences^ of these metabolic adjustments 
during pregnancy have not Been evaluated. Does 'the high 
protein intake jeopardize.ifetal glucose supply? Is maternal 
hepatic metabolism stressed? Basic research of the optimal 
distribution of energy 'sources from carbohydrate, protein, 
and' fat for healthy and high-risk .pregnant women is needed. 

jOther questions exist regarding 4fhe nutritional manage- 
ment bf high-risk pregnant women. Are the energy and nutri- 
ent requirements bf obese^ pregnant women different from 
those of nonobese pregnant women? Is the pattern of weight 
gain and composition of weight gain different in obese preg- 
nant women? Is sodium utilization altered in the pregnant 
woman with chronic hypertension? What level of dietary 
sodium best supports normal physiological adjustments of 
pregnancy in the hypertensive woman? Is the utilization of 
other ijutrients, such as protein or trace elements, al-tered 
in the ^hypertensive pregnant^ woman? Is nutrient utiliza- 
tion, .especially energy, protein, vitamin Bg, and chromium, 
Altered in the diabetic pregnant woman? What is the pattern 
of weight gain and the composition of weight gain in the 
diabetic woman? How do- inborn errors of metabolism alter 
the utilization of vitamins and minerals? 
• 

To learn if reduced Activity, precedes or follows obesity in 
children. * 

t 

The incidence of obesity varies wi th , locale "(urban 
"children tend td be more obese than rural children), but on 
the .average' about 10 percenfof U.S1 children are obese. 25 
There is evidence that the incidence is* increasing. 

TheTvaliie of exercise in the prevention pr treatment of 
obesity r^wel\ ^stabl ished, but the role of energy ^expendi- 
ture in theS^tijrTogy J of the disorder is not well understood. 
It has been noted that many obese youngsters eat less than 
average but are increHibly inactive. Is their inactivity a 
consequence of obesity or does it contribute to the problem? 
IfL LtL.p2^£jcedjejLoieJjj^-Jwhen and how ean act-ivifcy-^pattern*-- 



be optimally altered in children? 

Priority Category II , 

(Biological or methodological/questions crucial to improving 
the ability to make -appropriate nutritional' recommendations) 



\ 



To advance knowledge * on the mechanisms leading to intra- „ 

uterine growth retardation (IUGR), and, to assess the post- • - • 1 / 

natal consequences of this condit ion. ' ^ 

* * » 

•IUGR is thought to. be a'result, at least in part, of 
fetal malnutrition. Two factors critical, to fe'tal nourish- 
ment are normal placental" function and maternal blood volume 
expansion. Although research has been domr~on identifica- 
tion of nutritional predictors of IUGR based on placental \ 
n y4 ri # ent # transport and endocrine function; and on'the 
association df paternal blood .volume expansion with birth- 
Veight, factors that alter normal placental and circulatory 
function have not been worked out. Presumably,' hormonal 
function is involved in some manner. Can abnormal hormone 
levels be used therefore to predict IUGR? Also, the post- < 
natal problems.' of the JUGR infant caused by a lack of 
nutritional stores deposited during gestation seed to be 
studied. Specific research ^objectives that should be 
addressed to accomplish this goal are: * 

\ 

• ✓To ascertain how nutritional factors, influence 

placental development and metabolic function. # • ( • 

Normal placental development and^ function are essential 

for sfcpport of fet^l nutrition and development. Infant 

birthweight and placental weight are highly correlated. 

Does fetal demand affect placental size or does placental ^ 

size determine fetal growth 1 ? Do abnormalities in placental I 

development precede reductions in fetal growth rate due to 

nutidtional insufficiency? What are the nutritional re- ' 

quirateots for normal placental development? After the 

placenta- reaches its mature size, what are its- metabolic- 
requirements for normal functioning? flow can. reduced 

placental size be detected during .gestation? Can earlier 
^■reductions in placental growth rate be corrected later in ^ 

gestation? How is abnormal placental function correlated/ 

with maternal state of .nutrition? Answers to these ques- s , 

tions may m^Jce it possible 4 to improve, fetal nutrition and 
% development by modifying placental function. * s 

# To identify the role of the placenta in facilitating * J . 
maternal physiological adjustments to pregnancy and >^ 
in modifying, nutrient absorption, retention, metab- 

* olisra, and excretion. 
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- ■ ■ Numerous p hyai^ilogicaL^ang^8^c<mg^^ — ~ 

but the 'timing and degree of change vary. For instance, 
different patterns of weight gain, fluid retention, and 
blood volume expansion have been observed in pregnant women. « 
Are these differences due to differences -in placental hor- 
mone secretion? Do women with abnormalities in placental 
development have different patterns oJE physiological 
changes? How do differences in placental hormone secretion 111-27 
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affect maternal nutrient absorption, accretion, metabolism, 
and excretion? In brief \ what is the % impact of thh condi- 
tion of the placenta on the motherland what are?some 
maternal markers of poor placental development and. function? 

Of' those infant 8 born at term, some are small because 
they grew slowly throughout gestation"; others are .small 
because they grey normally to appoint and then growth 
stopped or slowed appreciably. Why do these different 
patterns of intrauterine growth retardation occur? «Do 
differences in placental function contribute to these grdwttT 
abnormalities? Do certain maternal nutritional imbalances 
alter fetal growth in one way, whereas other imlj^lances 
affect .it differently^ Are there maternal' biochemical or. 
functional markers pf IU6R? Can different patterns of IUGR 
be* differentiated by>-tjiese markers? 



•* To ascertainable relationship between maternal 
-.nutrient intake, placental function, blood volume 
expansion, and fetal growth and development. 

A direct correlation between birthweight and blood 
volume has' been observed. 26 Also, there is limited evidence 
that food or protein ^restriction during pregnancy is associ- 
ated with a smaller maternal blood volume. 27 Thus, one of 
the links between maternaj. nutrition and fetal growth and 
development may be Mood volume ekp&nsion.^ Studies are 
• needed to extend information in this area/ What is the 
w noraorial influence on blood volume during pregnancy^ flow,, do 
nutritional imbalances affect hormonal levels and blood 
volume? Specifically,^ what is the effect of sodiunTand pro-, 

tein restriction on brood volume expansion? } <* 

V * ' ° > > 

• To determine what penalties the IUGR infant suffers 
in postnatal life due to lack of stores laid down in 
pregnancy aftd' to a^ess how this cpndition differs 
for tfie preterm infant. , ~ 



Growth-retarded apd premature infants* are both born 
wi th reduced energy, mineral , and fat-soluble .vitamin 
stores. Do these deficits cause any postnatal functional 
jib normalities? Does the course of postnatal repletion of 
these stores differ betweeS premature and IUGR infants? 
What growth i*ate is conducive to both tissue nutrient 
repletion and normal development? How doTfhe nutrit i offal 



\ 1 uccub differ for j hrema'ture and .inf ants, and what 

feeding regimen best supports their tissue repletion, 
catchup growth, and development? . 1 

To identify markers -of nutritional status through improved 
Nutrition understanding of the physiological adjustments in nutrient 

, utilization that occur 'during various stages of growth and 
111-28 development . t ? * / 
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Data collected .on normal physiological adjustments in 
nutrient utilization during development will provide a Basis 
for^fche lestab^ishpient of standards • for normal changes , in 
biomedical, physical, and functional parameters: Subsequent 
* research could then be designed to ascertain which of th^se^ 
parameters are sensitive to nutritional imbalances. The 
parameters would be usef \iy markers^ of nutritional imbal- 
ances. , It is especially - important 'to efoptftsize the need for 
noninvasive marker? for use in field situations - with little 
or no traumatic effects^ the child. " Such techniques are 
in demand for evaluations* of 1 the nutritional health of the 
U.S. population and for evaluations of the imp^pL>of public^ 
nutrition programs within the United States? V ' 

. ' ' '\* 

, Specific research objectives ale:*. 

' c ■> • \ 

• To determine how nutrient utilization and require-.. 

•metfts are modified during the varioulh stages of 

human pregnancy and lactation, and to find out what * 

physiological adjustments are associated with these 

modifications. 1 

To date; most* of the stjidies of humai\, nutrient require- 
ments during pregnancy have focused- Vn the last half of- 
pregnancy. It is often assumed that needs are lower in the 
first half when fetal growtl^ is. minimal. This assumptioh 
may not be Valid because tisstie changes and weight gain 
during, t>regnancy*sfeem to be biphasic, with maternal accre- 
tion occurring primarily in* the first 'half rand fetal growth- 
in the last half. .What hormonal changes and metabolic 
adjustments occur when a larger proportion of tissue synthe- 
sis occrirs in the fe.tal compartment*?, How do&s this switch 
afijecjK total nutrient absorption,^stbrage,' and excretion? 
/ Do dietary nutrient requirements .differ accordirfg to the 
tage offixr eg nancy? - If so v , how? * 

Some nutrients dyring pregnancy have been studied 
, ^inadequately. These include energy, vitamins B$ and "Bi2» *' 
pantothenic acid and*biotin, and trace elements. Although 
other nutrients have receivtd more attention, they still 
•require further* investigation £ith regard to the above 
questions. . 

Except fo£ protein and vitamin jBg, the recommended 
nutrient allowances for lactating wom|n are the same as or 
greater than those for pregnant women. ^2 The energy cost 
to produce 850 ml/day of milk is about £50 kcal. It is as- 
sumed that about one-third of this energy need cornea from 
fat stores deposited in pregnancy and the remainder from the 
diet. These calorie demands on the mother may - , alsp / facili- 
tate postpartum Weight lossf. However, maternal weight 
changes during lactation have not been^carefully studied/ 
w What is the usual pattern .of weight chYmge? How does this 




pattern vary •and what are the sources of 'Variation? More 
precisely, what is the effect of lactatioft on'maternal fat 
stores? Furthermore} does lactation alter maternal stores 
of othefr nutrients in calcium, zinc, vitamin A? Do the 
effects differ with poor maternal nutrition during gestation 
and/or lactation? v 

9 

• To ascertain the time course for postpartum or 
^ ' t post lactation physiological adjustments in nutrient 

utilization and to identify good markers of maternal 
nutrient depletion in the postpartun^jw^gostlaota- 
• tion period * 

Studies of the effect of pregnancy o'n nutrient utiliza- 
tion generallv^top with' birth. It has not been determined 
if nutrit ional .stores possibly utilized during pregnancy o'r 
lactation are replenished at a later time. Also, it is not 
evep knovn how quickly the anabolic state of pregnancy 6r 
lactation reverts to a sfcate of equilibrium. How soon do 
fl&trient absorption, storage, ^metabolism, and? excretion 
r$tes return to nonpregnancy levels? How does the rate of 
these changes vary with maternal nutritional and physiologi- 
cal condition? If postpartum changes, for instance, are 
sensitive to' maternal nutrient deficits, what are some 
biochemical or functional markers of maternal depletion?* 
What nutritional intake best supports the postpartum or 
pos t lactation adjustments in nutrient utilization? Do 
nutrient intakes during -pregnancy and lactation, or^the. 
^decision to lactate* or r^ot, affect health status in later 
life? . 

• . To define physiological changes that alter nutrient, 

ut iliz'Slfeon and requirements during the first year 
of life and during childhood. - — 

Except tor energy and'protein, information >on the 
nutritional requirements 'for infants is very limited.' 
Allowances for' the first 6 months of life are oft$n based on 
human milk composi tion. 22 With the use of noninvasive 
techniques, s-uch as stable isotopically labeled nutrients, 
vitamin and mineral requirements need to bg assessed in 
infants. The effects of variation in growth rate, body 
size, activity levels, qnd metabolic or functional dif- 
ferences on nutrient utilization and; therefore, on nutrient 
requirements need to be studied. Biochem^/al, physical ^ or 
functional nfarkers - of nutritional imbalances' also should'be, 
identified. 

• To estimate the nutritional impact- and nutritional* 
requirements' of the adolescent growth spurt.* 

* •> * . 

The growth spurt during early adolescence is second in 
intensity only to that in infancy. The peak height change, 

r - 37 • 
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in males, is 10 cm (4 inches)^ per year, a rate of growth 
equal to that of a 2-year-old boy. 28 For girls, the peak 
height change is 8 cm (3 4*chfes) per year. The nutritional 
impact of this growth spurt is not well defined. How nUidh 
do the needs for energy and other essential nutrierFts 
increase during the prepubertal growth apurt? Do^q* nutrient 
utilization change at this time? Are nutrients utilized 
more efficiently during the growth spurt? What is the 
effect of nutrient deficits on the growth spurt? ,How is the 
growth spurt altered by the previous state of nutrition? 

f What are the consequences of inadequate diet during the 

* growth spurt? 

. • To develop noninvasive indicators of . nutritional 
status and nutrient utilization. 

Many tests of nutritional status involve drawing blood* 
This is a traumatic experience for most^childreif, and it is 
not appropriate to take from small -infants the large quanti- 
ties of blopd require^ for a thorough evaluation. Also, it 
is not feasible^in a field setting to rely on blood sampling 
for evaluations of large-rpopulations . Some reliable, quick, 
noninvasive tests are needed to improve our ability to 
assess nutritional status. 

To approach this problem, more attention should be 
given tO K functional performance tests, such as cognitive 
function, muscle performance, pork performance, visual func- 
tion, gastrointestinal function via breath analysis, and 
/taste perception tests. Noninvasive sources of cells in- 
clude the buccal mucosa and hair bulb. The response of 
these tissues to nutrient imbalances needs further testing. 
Breath gas analysis (H2 and 13 C0 2 ) has been useful in 
assessing carbohydrate and lipid digestion and absorption,. 
This method should be developed further and used to assess 
other aspects of gastrointestinal function, such as protein 
and lipid digestion and .absorption using and H2 labels. 
Breath analysis is also useful in assessing bacterial over- 
growth, ileal dysfunction/ and intestinal transit time. 

To identify the impact of environmental variables on nutri- 
ent requirements^ : ~ " " 1 

Cultural and' regional influences on food choices, early 
exposure to food and subsequent taste preferences, "and cli- 
matic variations are some of the many environmental factors 
that- can influence nutrient utilization and requirements, 
peflnition of their impact on human nutrition ojc on the 
capacity of humans to adapt to them will enable nutri- 
tionists to ascertain the unique nutritional needs of in- 
dividuals in various environmental settings. 

Research objectives that demand immediate attention in 
this area are: , ' 



• To find out how alternative dietary practices and 

nutritional abuses affect maternal nutrition and 

fetal growth and development'. • * 
* • 

Because of health, economic, ecological*, and religious 
Concerns, people are eliminating animal products from their 
diets. The degree ^of elimination* varies from total exclu- 
sion to only r6d meats. These dietary modifications will 
alter total nutrient intake,' dietary nutrient ratios, tptat 
dietary fat and carbohydrate, kinds of dietary fat ? and 
carbohydrate, and the intake of nonnutritional components 
such as" fiber. Do these modifications cause any changes in 
maternal nutrient utilization? Are maternal physiological 
changes different? Is fetal growth altered? Are there 
functional, biochemical, or physical differences in the 
postn^tai- growth "aTO development of infants due to the diet 
of <regetarian mothers? In brief, is there any health risk 
or benefit Jto the mother or child associated with these 

'dietary practices? What is the effect of" megadoses of 
vitemins and minerals during pregnancy on fetal and neonatal 

' growth and development or on the mother's physiological 
adjustment to pregnancy? 

• To define what anthropological and cultural factors 
-influence dietary practices during gestation and 

. post partum, and to learn how they affect maternal 
nutrition. ^ 

Anthropological and ©ultural influences on diets during 
pregnancy and post partial hav^e been identified, but how 
widely these customs are practiced in the United States is 
s^uncertain. Also, the impact of the practices on maternal 
nutrient intake and' status is unknown. Studied are needed 
on such practices in the United States — how long they last, 
what their prevalence is, and ^whether they are detrimental 
or beneficial to maternal and infant nutrition and health. 

• To determine how environmental differences, such as 
climate variation^, alter injfiaD^ nutrient require- 1 
ments. • 

\ ■ . . 

Temperattfre, humidity, sun exposure, and air pollution 
vary within the United States . Little attention has been 
paid t"o hotf these climatic differences affect nutrient 
utilization* and needs. How does tHe ciimafre influence^water 
^ and electrolyse requirements of infants and children?* Are 
'activity and energy needs affected by climate? What is the 
effect of high temperatures on sweat losses of ' electrolytes 
and trace elementa? How are vitamin D needs affected by 
exposure to the sun? Does' air pollution affect nutrient 
absorption, especially of minerals?' Are vitamin E and 
„ selenium needs in infants increased by air pollution? To 
what extent does inadequate clothing in low ambient tempera- 
tures alter energy requirements and/or growth rate? 
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• To determine if there are -racial differences in 
f nutrient utilization of children. 

Although there is evidence that American*blacks have 
different growth patterns, lower hemoglobin levels, and more, 
highly, calcified bones r ethnic differences in Nutrient/ 
utilizatj.o# and requirements are not ono^ recognized. Ar^ 
nutrients absorbed, stored, metabolized, and excreted 
differently because of racial ^differences? If so, how does 
this al-ter biochemical, physical, and functional 'markers of 
growth and 'development? Should ^different criteria be used 
for evaluation of nutritional status in various ethnic 
groups? Are nutrient requirements altered by ethnicity? 

• To learn how taste perception develops in infants, 

whether it differs between breast-fed and fbrjnyla- 

fed infants, and how it affects nutritional status, 
v 



The details of the developmental process** produc ing 
taste perception are largely unknown. What is the sequence 
of timing of development of the four taste sensations — 
sweetness, saltiness, sjNirness; and bitterness? What are 
the sources of variation in this" developmental process? Are 
early flavor preference* or aversions associated with breast 
feeding. With formula feeding? Are later dietary prefer- 
ences for sweetness or saltiness influenced bjfl early feeding 
practices? Is there an association between/ later disease 
experience, especially obesity or hypertension, and early 
taste preferences? Are there familial, racial, or genetic 
differences in taste preferences? 



influenced by 



airierences in taste preferences? ^jk 

To determine how growth and development are/inf: 
repeated, but brief exposure to'hunger ,or malnutrition, 
physical activity, or chronic disease . 7 

Physical growth and development are a synthetic process 
requiring a constant, adequate supply" of essential nutri- 
ents. Two conditions, that can alter the availability of 
nutrients for growth are physical activity and chronic 
disease. What 4cind of an impact do these processes have on 
growth? Also, as expected, chronic mild to severe* malnutri- 
tion alters anthropometric? aspect* of growth. In the United 
States, more children are probably exp^ed to repeated, 
brief periods of huifger^or poor nutrition, .such as/ skipping 
breakfast or consuming^ high^rbohydrate, high-fat, low- 
protein diet, than to chronic malnutrition. How do these 
dietary patterns alter growth? Three specif ic* xesearclf 
objectives should be addressed. . v 

• To ascertain why growth retardation occurs in 
infants and children witfc' chronic systemic diseases, 
such as hepatic insufficiency , congenital heart 
disease, inflammatory bowel disease, or ulcerative 
colitis. * 



' Growth retardation can occur in infants or children 
with chronic systemic disease's that apparently^o not 
direc^y affect nutrient Utilization. Is thisS^rowth 
retardation due to poor' appetites and, therefore, reduced 
nutrient intake, ,oir are there 1 metabolic defects in nutrient 
utilization leading to growth Retardation? In these dis- 
orders is growth improved with parenteral feeding? Is there 
an association between activity and growth in these chil- 
dren? Do these chronic systemic disorders altetf nutrient 
requirements? If so, how? 

* To ascertain the effect of different activity 
patterns on energy requirements and growth. »• 

m * m Activity levels vary widely among children and also for 
the "same «child. Does the level of activity change during 
growth spurts? How does activity affect appetite and food 
intake? What is the impact of different activity levels on 
dietary energy requirements? If energy is restricted, what 
is altered first, activity or growth?; 

• To evaluate the effects of nutritional imbalances 
and hunger on behavior and cognitive function. 

, Although little attention has been paid to the effect 
of nutrient deficiencies and short-term food deprivation on 
cognitive performance, there is evidence that the state of 

> nutrition and 'cognitive function are related. Behavioral 
change 8', have been noted in malnourished children and iron-/ 
deficient children; , the impact'of deficiencies *>f other 
nutrients remains Relatively unexplored. Further investi- 
gations are needed to define, the relationship between 

Cognitive performance and nutrition. What cognitive func- 
tions are most susceptible to nutritional imbalance?' Are 
th^ Changes evident with marginal nutrient "deficits, such*as 
70'to^fcO percent df standard? Does hunger, such as that 
caused 4 * by skipping breakfast or lunch, alter cognitive 
performance? How useful* is cognitive function in assessing 
the nutritional state of infants' and children? 



7 

J-ower Priority Research Objectives 

* 

Objectives consistent with the mission "of the NICHD but 
falling 6utside the range of broad major questions for high 
priority teseareh are: \ , 

.1. - The TreiMplrantation- Stage <. | 5 . • 

• To determine the effect T of nutrition oiifthe function 
pf the sperm, ova, and reproductive organs. 



• To advance knowledge on the role of nutrition in 
fertility. 



The Pregnant Woman 

• To ascertain differences that exist in nutrient 
requirements and utilization by healthy, pregnant 
women, and what "the sources' of^these differences 
are. 



• To determine how j differences in weight gain, such^ as 
total gain and pattern of gain, affect fetal or neo-v 
natal growth, development, and nutritional status/ 

/ 

• To learn the nutritional impact of pregnancy in 
adolescent girls. 

The Lactating Woman 

• To determine the effects of the maternal nutritional 
state during gestation and lactation on the lacta- 
tion process and infant growth and development; and 
to determine the nutritional requirements that best 
support maternal nutrition and lactation. 

• To evaluate the Effects of differences in infant 
size, gestational age, and growth rate on the 
lactation process. 

-Lx*^xo learn if there is a relationship between maternal 
nutrition and the complaint ofU"milk insufficiency. 11 

The Nonlactating, Postpartum Womqn* 

• To assess the nutritional consequences of postpartum 
contraceptive practices, including the number and 
spacing of births, on women and their children. 

The Infant v A * 

• To ascertain what nutritional factors affect perir 
natal mortality and morbidity, and to develop a 
predictive pattern of outcome. 

• To^find out how various 'infant diets (human milk 
«^v«Mua different commercial formulas) affect infant 

nutrient < intake , utilization, growth, and develop- 
ment, and disease experience. 

Children ; f 

• To, define the-Atr it ional requirements of handi- 
capped children. . 
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• To determine the effects of nonnutritional compo- 
nents in food on growth, development, and health of 
children. 

7. The Adolescent 

• To learn how the nutritional state, specifically 
nutritional stores,' influences the .onset of puberty. 

• To define the major factors influencing the dietary 
practices of adolescents. 

« < 

• To ascertain the effect of alcohol, tobacco, mari- 
Jhuana, and prescription drugs on nutrient status and 
requirements, and how the use of these substances 
influences development. * 
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color,, religion, sex, or national origin. Therefore, the activlties-of the 
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operated in compliance with these laws and Executive iDfders, 
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